Objective: Polypharmacy and adverse drug reactions are frequent and important among older people. Few clinical trials have evaluated systematic withdrawal of medications among older people. This small, open, study was conducted to determine the feasibility of a randomized controlled deprescribing trial. Methods: Ten volunteers living in the community (recruited by media advertising) and 25 volunteers living in residential aged-care facilities (RCFs) were randomized to intervention or control groups. The intervention was gradual withdrawal of one target medication. The primary outcome was the number of intervention participants in whom medication withdrawal could be achieved. Other outcomes measures were quality of life, medication adherence, sleep quality, and cognitive impairment. Results: Participants were aged 80±11 years and were taking 9±2 medications. Fifteen participants commenced medication withdrawal and all ceased or reduced the dose of their target medication. Two subjects withdrew; one was referred for clinical review, and one participant declined further dose reductions. Conclusions: A randomized controlled trial of deprescribing was acceptable to participants. Recruitment in RCFs is feasible. Definitive trials of deprescribing are required.
Background
Polypharmacy is common in older people [Weingart et al. 2005; Lazarou et al. 1998 ] and causes falls and confusion [Leipzig et al. 1999; Moore and O'Keeffe, 1999] . Adverse drug reactions are also a common cause of hospital admission, morbidity, and mortality in this population [Lau et al. 2005; Mannesse et al. 2000 Mannesse et al. , 1997 Roughead et al. 1998 ].
Older patients often have multiple comorbidities, resulting in indications to prescribe several medicines. However, evidence supporting the efficacy of many drug classes in older patients is limited [Le Couteur et al. 2004 ]. In addition, adverse drug reactions and prescribing errors of omission and commission increase disproportionately as the number of drugs prescribed increases [Routledge et al. 2004] . Patients supplied with prescription drugs may also be taking over-thecounter or 'complementary' drugs which may further increase the likelihood of adverse interactions with prescribed medicines. Some authors have attempted to define 'highrisk' prescribing by identifying questionable drug combinations, excessive treatment duration, and drugs that are relatively contraindicated in older people [Tamblyn et al. 1994] . Criteria for identifying potentially inappropriate drugs in older people have also been proposed [Fick et al. 2003 ]. However, these approaches rely on expert consensus and do not address the more fundamental problem that drugs are easy to start but apparently difficult to stop. Many guidelines describe the indications for initiating treatment but few guidelines advise on stopping treatment.
Reducing polypharmacy is difficult [Pitkala et al. 2001 ], but 'back-titration' of drug therapy is feasible in specific circumstances. Long-term withdrawal of antihypertensive drugs can be achieved in a proportion of patients [Nelson et al. 2002] and medication withdrawal is a component of effective falls prevention interventions [Campbell et al. 1999] . Although medications can be ceased safely in many patients, there is a risk of withdrawal reactions, symptom recurrence, or reactivation of underlying disease [Nelson et al. 2002; Graves et al. 1997 ]. This clinical equipoise indicates a need to study the process of drug withdrawal under controlled conditions. This study is the first phase in work to test the hypothesis that phased reduction in dose or withdrawal of prespecified target drugs is feasible, safe and improves outcomes in older people. The present study is a pilot randomized controlled deprescribing study, conducted to inform design of subsequent definitive trials. The aim of the study was to determine the feasibility of a trial of reduction of dose or complete withdrawal of a list of drugs used for common chronic disorders among older people.
Methods

Trial design STOPAT
(Systematic Termination of Pharmaceutical Agents Trial) was an open, randomized controlled trial.
Setting
In July 2007, we advertised for volunteers in local media. In December 2009, due to limited success in attracting community participants, recruitment was expanded to include residential agedcare facilities (RCFs) in the Perth metropolitan area that had participated in previous research [Somers et al. 2010] .
Participants
The inclusion criteria were:
(i) participant taking at least one drug included in the target drug list (Table 1) ; (ii) participant has stable chronic disease with respect to the medication targeted for withdrawal; (iii) patient reports at least one negative symptom ascribable to the drug therapy (effects specific to drug class, or possible adverse effects such as falls, confusion, malaise and nausea), or is taking more than five drugs concurrently; (iv) aged greater than 60 years; (v) treating physician agrees to randomization.
The exclusion criteria were:
(i) patient is taking warfarin.
Randomization
Participants were openly assigned to intervention or control groups using a randomization table, prospectively created using a computerized random number generator.
Intervention A systematic deprescribing intervention was implemented (comprising a structured approach to withdrawal of medications from various classes). A list of target drugs was prospectively defined (Table 1) comprising antihypertensive therapy, anti-anginal therapy, diuretics, nonsteroidal anti-inflammatory drugs and cyclooxygenase (COX-2) inhibitors. Participant Intervention Group information sheets were drafted for each drug class, providing the rationale for withdrawal of therapy and general advice to participants. If a participant was taking multiple target drugs, a single target drug was identified for withdrawal in discussion with the participant. In addition to the Participant Information sheet and Intervention Group Sheet, all participants were provided with a record of their study participation documenting their target drug and any changes made to therapy. Participants were asked to record any perceived adverse symptoms on the record sheet. Dose reductions were made at 2-weekly intervals with provision for curtailment or extension according to clinical requirements.
Follow up and clinical outcomes
The following outcomes were assessed at baseline and at each fortnightly visit: quality of life, measured using the SF-36 [Ware and Sherbourne, 1992] and EQ5D visual analogue scale [Rabin and de Charro, 2001] ; medication adherence, assessed with the Medication Adherence Scale [Morisky et al. 1986 ]; sleep quality, assessed using the Pittsburgh Sleep Quality Index (PSQI) [Carpenter and Andrykowski, 1998 ]; and cognitive function, assessed using the minimental state examination (MMSE) [Folstein et al. 1975] .
Sample size and statistical methods
This study was conceived as a pilot trial. The primary outcome of interest was thus feasibility of the protocol and no formal power calculation was undertaken. A goal of 40 participants was set, to allow assessment of feasibility. Baseline and clinical outcome data are presented descriptively, with chi square tests for categorical data and t-tests to compare parametric data.
Ethical approval
All participants provided written informed consent. This study was approved by the Human Research Ethics Committee of Royal Perth Hospital. The general practitioner (GP) and treating specialist, if requested by the GP, of all patients randomized to withdrawal of the target medication were contacted and provided agreement for their patient to participate in the trial. This study is registered in the ANZCTR (ACTRN12610000865011).
Results
Recruitment and baseline data
There were 51 people who responded to media advertising between October 2007 and October 2008. Of these, 37 people were ineligible or did not consent to study participation. The need to travel to the university hospital campus for regular follow up was a frequent barrier to participation. Some participants were also unwilling to be randomized. There were 85 RCF residents who consented to screening at their facility between January and April 2010, leading to 30 enrolments. Among RCF residents, declining to participate was the most common reason for nonenrolment (n ¼ 31), followed by absence of target medication (n ¼ 13). The study flowchart is shown in Figure 1 . Participants had a mean age of 80±11 years and were taking 9±2 medications. The mean number of visits was 4±1. C Beer, P-k Loh et al.
Feasibility of deprescribing
Of the 15 participants who commenced medication withdrawal, all ceased or reduced the dose of their target medication. In 11 participants, this proceeded satisfactorily. Two withdrew, one was referred for clinical review due to hypertension, and one participant declined further reductions in analgesic therapy. Table 2 shows descriptive details of the 15 participants randomised to medication withdrawal.
Clinical outcomes
Data from 35 participants (n ¼ 14 men) were analysed. Outcome assessment tools proved acceptable to participants. Table 3 shows data from the baseline and final followup assessments. Therapeutic Advances in Drug Safety 2 (2) inpatient populations, or residential care populations). The investigators used media advertising, but this may introduce a more substantial volunteer bias than systematic screening, or random invitation, within defined populations. Focusing on populations with high levels of frailty and comorbidity, such as care facility residents would be preferable, given the genuine uncertainty regarding the balance of benefits and harms of prescribed therapies in these populations. Uncertainty is greatest with respect to treatments prescribed for prognostic benefit, such as statins, and these agents should be a focus of future trials. Given the importance of assessing the safety of withdrawing agents prescribed for prognostic benefit, future larger trials should incorporate assessment of clinical outcomes as well as participants' perceptions of their wellbeing.
Discussion
Main findings and implications
Results in context of other studies
Studies of the withdrawal of specific classes of medication have been systematically reviewed [Iyer et al. 2008] . However, there are few data regarding systematic deprescribing. There is evidence from controlled, although nonrandomized trials, that deprescribing is associated with a substantial mortality benefit among frail older people [Garfinkel et al. 2007 ]. The present data indicate the feasibility of a randomized controlled trial of deprescribing among frail older people. Thus, future randomized deprescribing trials could be designed to test the hypothesis that deprescribing reduces mortality in that population.
Strengths and limitations
The randomized design is a major strength of this pilot study, and allows conclusions to be reached regarding the acceptability to participants (and their physicians) of a randomized controlled trial of systematic deprescribing. However, the small number of participants is a major limitation of this study, and limits the generalizability of the findings. There is also potential for random error to influence the findings of small studies.
Conclusions
A randomized controlled trial of medication withdrawal was acceptable to participants. Recruitment of older care facility residents is feasible. Definitive trials of deprescribing are required.
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